NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

QH”) Designation: E 647 — 99

Standard Test Method for

Measurement of Fatigue Crack Growth Rates *

This standard is issued under the fixed designation E 647; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope E 4 Practices for Force Verification of Testing Machihes
1.1 This test methddcovers the determination of steady- E 6 ;Ferminology Relating to Methods of Mechanical Test-
state fatigue crack growth rates from near-threshol& g, Ing

controlled instability using either compact tension, C(T), (Fig. E 8 Test Methods for Tension Testing of Metallic Materfals

1) middle-tension, M(T), (Fig. 2) or eccentrically loaded single E 337 Test Method for Measuring Humidity with a Psy-
edge crack tension, ESE(T), (Fig. A4.1) specimens. Results are chrometer (the Measurement of Wet- and Dry-Bulb Tem-
expressed in terms of the crack-tip stress-intensity factor range _Peratures) , _

(AK), defined by the theory of linear elasticity. E 338 Test Method for Sharp-Notch Tension Testing of

1.2 Several different test procedures are provided, the opti- _High-Strength Sheet Materidls
mum test procedure being primarily dependent on the magni- E 399 '!'est Met_hod for Plane-Strain Fracture Toughness of
tude of the fatigue crack growth rate to be measured. Metallic Materials .

1.3 Materials that can be tested by this test method are not E 467 Practice for Verification of Constant Amplitude Dy-
limited by thicknesses or by strength so long as specimens are namic Loads on Displacements in an Axial Load Fatigue
of sufficient thickness to preclude buckling and of sufficient ~_Testing Systerh o
planar size to remain predominantly elastic during testing. ~ E 561 Practice foR-Curve Determinatioh

1.4 A range of specimen sizes with proportional planar E 616 Terminology Relating to Fracture Testing
dimensions is provided, but size is variable to be adjusted for E 813 Test Method for,J A Measure of Fracture Tough-
yield strength and applied load. Specimen thickness may be ness$ . 1) . , ,
varied independent of planar size. E 1012 Prac‘glce for .Ver|f|cat|on of Specimen Alignment

1.5 Specimen configurations other than those contained in _Under Tensile Loading _ _
this method may be used provided that well-established stress- E 1150 Definitions of Terms Relating to Fatigue
intensity factor calibrations are available and that specimeng Terminology

are of sufficient planar size to remain predominantly elastic ) ) . ) )
during testing. 3.1 The terms used in this test method are given in Termi-

1.6 Residual stress/crack closure may significantly influenc80l0gy E 6, Definitions E 1150, and Terminology E 616. Wher-
the fatigue crack growth rate data, particularly at low stress€Ver these terms are not in agreement with one another, use the
intensity factors and low stress ratios, although such variabled€finitions given in Terminology E 616 which are applicable to
are not incorporated into the computation/i. this test method.

1.7 Values stated in Sl units are to be regarded as the 3-2 Definitions: _
standard. Values given in parentheses are for information only. 3-2-1 crack length, @], n—Seecrack size o

1.8 This standard does not purport to address all of the 3-2-2 crack size, fl], n—a linear measure of a principal
safety concerns, if any, associated with its use. It is thd/anar dimension of a crack. This measure is commonly used
responsibility of the user of this standard to establish appro N the calculation of quantities descriptive of the stress and
priate safety and health practices and determine the appncaglsplacement fields and is often also termed crack length or

bility of regulatory limitations prior to use. epth. _ _ _ _
3.2.2.1 Discussior—In the C(T) specimena is measured
2. Referenced Documents from the line connecting the bearing points of load application;
2.1 ASTM Standards: in the M(T) specimena is measured from the perpendicular

bisector of the central crack; in the ESE(T) specimaris
measured from the specimen front face.
1 This test method is under the jurisdiction of ASTM Committee E-8 on Fatigue 3.2.2.2 Discussion-In fatigue testing, crack length is the

and Fracture and is the direct responsibility of Subcommittee E08.06 on Cracphysical crack size. Sephysical crack sizen Terminology
Growth Behavior. E 616.
Current edition approved May 10, 1999. Published September 1999. Originally
published as E 647 — 78 T. Last previous edition E 647 — 95a. -
2 For additional information on this test method see RR: E 24 — 1001. Available 3 Annual Book of ASTM Standardéyl 03.01.
from ASTM Headquarters, 100 Barr Harbor Drive, West Conshohocken, PA 19428. “ Annual Book of ASTM Standardgol 11.03.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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Suggested Min. Dimensions: W =25 mm (1.0 in)

an = 0.20W

Note 1—Dimensions are in millimetres (inches).
Note 2—A-surfaces shall be perpendicular and parallel as applicable to witBi602W, TIR.
Note 3—The intersection of the tips of the machined notal) (vith the specimen faces shall be equally distant from the top and bottom edges of
the specimen to within 0.008/.
Note 4—Surface finish, including holes, shall be 0.8 (32) or better.
FIG. 1 Standard Compact-Tension C(T) Specimen for Fatigue Crack Growth Rate Testing

2 Holes
W/3 Dia.
See Fig. 5 for
Notch Details :L—r
+ 2ap 2a + w
LWI2_LL 1 5W, min. ——=fe—1.5W, min. ——f=¥/2_]
min. min.

A
T - - t [=0.05(0.002) |
L i 1 ] B

b [L[-A-] 0.05 (0.002) |

Note 1—Dimensions are in millimetres (inches).
Note 2—The machined notch &2) shall be centered to withir:0.001W.
Note 3—For specimens withV > 75 mm (3 in.) a multiple pin gripping arrangement is recommended, similar to that described in Practice 561.

Note 4—Surface finish, including holes, shall be 0.8 (32) or better.
FIG. 2 Standard Middle-Tension M(T) Specimen for Fatigue Crack Growth Rate Testing when W=75mm (3in.)

3.2.3 cycle—in fatigue, under constant amplitude loading, sion per cycle of loading.
the load variation from the minimum to the maximum and then 3.2 5 fatigue cycle—Seecycle

to the minimum load.
3.2.3.1 Discussior—In spectrum loading, the definition of 3.2.6 load Cycle—SeecycIe_. i .
3.2.7 load range,A P [F]—in fatigue, the algebraic differ-

cycle varies with the counting method used. ; - ;
3.2.3.2 Discussion—In this test method, the symbol is ~ €NC€ between the maximum and minimum loads in a cycle
expressed as:

used to represent the number of cycles.
3.2.4 fatigue-crack-growth rate, da/dNL]—crack exten- AP =P, . — Puin (1)
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3.2.8 load ratio (also called stress ratjpR—in fatigue the  AKy, is given as that\K which corresponds to a fatigue crack
algebraic ratio of the minimum to maximum load (stress) in agrowth rate of 10%° m/cycle. The procedure for determining
cycle, that isR = Pin/Prmax this operational AKy, is given in 9.4.

3.2.9 maximum load, R.x [F]—in fatigue the highest 3.3.2.1 Discussior—The intent of this definition is not to
algebraic value of applied load in a cycle tensile loads aralefine a true threshold, but rather to provide a practical means
considered positive and compressive loads negative. of characterizing a material’s fatigue crack growth resistance in

3.2.10 maximum stress-intensity factor, K, [FL™)—in  the near-threshold regime. Caution is required in extending this
fatigug the maximum value of the stress-intensity factor in aconcept to design (see 5.1.5).
cycle. This value correspond, ... 3.3.3 fatigue crack growth rate, ddN or Aa/AN, [L]—in

3.2.11 minimum load, B,, [F]—in fatigue the lowest fatigug the rate of crack extension caused by fatigue loading
algebraic value of applied load in a cycle. Tensile loads arénd expressed in terms of average crack extension per cycle.
considered positive and compressive loads negative. 3.3.4 K-decreasing test-a test in which the value of is

3.2.12 minimum stress-intensity factor,, K, [FL™®3—in nominally negative. In this test meth&ddecreasing tests are
fatigug the minimum value of the stress-intensity factor in aconducted by shedding load, either continuously or by a series
cycle. This value corresponds Ry, when R > 0 and isaken  of decremental steps, as the crack grows.

to be zero when R= 0. 3.3.5 K-increasing test-a test in which the value of is
3.2.13 stress cycle-Seecycle in Terminology E 616. nominally positive. For the standard specimens in this method
3.2.14 stress-intensity factor, K, K K,, K [FL'3’2]—See the constant-load-amplitude test will result inkaincreasing

Terminology E 616. test where theC value increases but is always positive.
3.2.14.1 Discussior—In this test method, mode 1 is as- 3.3.6 normalized K-gradient, G- (1/K). dK/da[L ‘]—the

sumed and the subscript 1 is everywhere implied. fractional rate of change df with increasing crack length.
3.2.15 stress-intensity factor rangeAK [FL™®3—in fa- 3.3.6.1 Discussior—When C is held constant the percent-

tigue, the variation in the stress-intensity factor in a cycle, thatdge change irkK is constant for equal increments of crack

is length. The following identity is true for the normalized

AK = Ko~ Koo @ K-gradient in a constant load ratio test:

1 dK 1 dKpp 1 dKy, 1 dAK

3.2.15.1Discussior—The loading variablesR, AK, and K @-K. d ~K, da —5K da 4)

Knhax are related in accordance with the following relation-

ships: 4. Summary of Test Method
AK = (1 = R)Kjpey for R=0, and 3) 4.1 This test method involves cyclic loading of notched
AK = K., forR=0. specimens which have been acceptably precracked in fatigue.

Crack length is measured, either visually or by an equivalent
method, as a function of elapsed fatigue cycles and these data
are subjected to numerical analysis to establish the rate of crack
growth. Crack growth rates are expressed as a function of the
stress-intensity factor rang@\K, which is calculated from
eexpressions based on linear elastic stress analysis.

3.2.15.2 Discussior—These operational stress-intensity fac-
tor definitions do not include local crack-tip effects; for
example, crack closure, residual stress, and blunting.

3.2.15.3Discussior—While the operational definition of
AK states that\K does not change for a constant valu&qf,,
whenR = 0, increases in fatigue crack growth rates can b
observed when R becomes more negative. Excluding thg Significance and Use
compressive loads in the calculation®K does not influence . .
the material’s response since this response (da/dN) is indepen—E"1 Fatlgue crack growth rate expressed as a function of
dent of the operational definition oAK. For predicting crack-tip stress-intensity factor rang&/aN versusAK, char-

crack-growth lives generated under various R conditions, thélcterlzes a material’s resistance to stable crack extension under

life prediction methodology must be consistent with the dataCyCI'C loading. Background information on the ration-ale for

reporting methodology. employing linear elastic fracture mechanics to analyze fatigue

L . 5
3.2.16 stress-intensity factor rangeSeerange of stress- crack growth rate data IS given in Re(ﬂs) and(2) .

intensity factor 5.1.1 In innocuous _(mert) environments fatlgue_: crack
3.3 Definitions of Terms Specific to This Standard: growth rates are primarily a function &i and load ratioR,

3.3.1 applied-K curve—a curve (a fixed-load or fixed- or Kiax @ndR (Note 1). Temperature and aggressive environ-

. . . ments can significantly affectadiN versusAK, and in many
displacement crack-extension-force curve) obtained from a .

. . I, . ' _cases accentuat®-effects and introduce effects of other
fracture mechanics analysis for a specific specimen configura-"_"1 .
. . . ._loading variables such as cycle frequency and waveform.
tion. The curve relates the stress-intensity factor to crack size

and either applied load or displacement.

3'3':,['1 DISCUSSIOH_T,he I’?SUHIHQ _analytlcal expre_ssmn _IS 5 Subcommittee E08.06 has initiated a task group activity (E08.06.06) on
sometimes called K calibration and is frequently available in nonvisual methods for measuring crack growth. These measurement methods
handbooks for stress-intensity factors. include compliance (near front face and back face), a-c potential, d-c potential, eddy

3.3.2 fatigue crack grovvth thresholdAK [FL‘3’2]—that current, ultrasonic, and acoustic emission. Ré&fsand (3) provide basic informa-

e . . th tion on the current uses of these methods.
asymptotic value ofAK at which d/dN approaches zero. For % The boldface numbers in parentheses refer to the list of references at the end of

most materials amperational though arbitrary, definition of this standard.
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Attention needs to be given to the proper selection and contrahte response emanating from a long crack, one that is of
of these variables in research studies and in the generation siifficient length such that transition from the initiation to
design data. propagation stage of fatigue is complete. Steady-state near-
Note 1—AK, K., andR are not independent of each other. Specifi- threshqld data, when "’?pp"?d 'tO serwpe load hISI.o”es’ may
cation of any two of these variables is sufficient to define the IoadingrESUIt in non-conservative lifetime estimates, particulary for
condition. It is customary to specify one of the stress-intensity parametergmall crackg(5-7).
(AK or K,,.,) along with the load ratioR. 5.1.6 Crack closure can have a dominant influence on
5.1.2 ExpressingaldN as a function oAK provides results fatigue crack_growth rate behavior{ particgla_rly i_n the near-
that are independent of planar geometry, thus enabling e)ghres_h'old regime at low stress ratios. Thl_s lmpllgs thgt the
change and comparison of data obtained from a variety ogonditions in the v_vake of the crack and prior Io_admg history
specimen configurations and loading conditions. Moreove/c@n have a bearing on the current propagation rates. The
this feature enablesattN versusAK data to be utilized in the Understanding of the role of the closure process is essential to
design and evaluation of engineering structures. The concept 8#¢h phenomena as the behavior of small cracks and the
similitude is assumed, which implies that cracks of differingtran?'e”t crack growth_rate behavior dprmg variable amplltud_e
lengths subjected to the same nomind{ will advance by Ioadlng_. Clos_ure provides a mechanlsm yvhereby the cyclic
equal increments of crack extension per cycle. stres_s |nten5|t_y near the cra(_:k tinK e, _dlffe_rs from the
5.1.3 Fatigue crack growth rate data are not a|\,\,ay§1om|nally applied vaI_ues(_;K. This cc_)ncept is Qf importance to
geometry-independent in the strict sense since thickness effedft¢ fracture mechanics interpretation of fatigue crack growth
sometimes occur. However, data on the influence of thickned&te data since it |mpl|es§1 non-unique growth rate dependence
on fatigue crack growth rate are mixed. Fatigue crack growttn terms ofAK, andR (8).
rates over a wide range &K have been reported to either  Nore 3—The characterization of small crack behavior may be more
increase, decrease, or remain unaffected as specimen thickne&sely approximated in the near-threshold regime by testing at a high
is increased. Thickness effects can also interact with othestress ratio where the anomalies due to crack closure are minimized.
variables such as environment and heat treatment. For ex-5.2 This test method can serve the following purposes:
ample, materials may exhibit thickness effects over the termi- 521 To establish the influence of fatigue crack growth on
nal range of d/dN VeI’SUSAK, which are associated with either the life of Components Subjected to Cyc"c |Oading, provided
nominal yielding (Note 2) or ak,., approaches the material data are generated under representative conditions and com-
fracture toughness. The potential influence of specimen thickhined with appropriate fracture toughness data (for example,
ness should be considered when generating data for researchs@fe Test Method E 399), defect characterization data, and stress

design. analysis informatior(9, 10)
Note 2—‘_I’his con_dition should be avoided in tests that conform to the  Nore 4—Fatigue crack growth can be significantly influenced by load
specimen size requirements of 7.2. history. During variable amplitude loading, crack growth rates can be

5.1.4 Residual stresses can have an influence on fatiglﬁi;ther enhanced or retarded (rela_tive to steady-s_tgte, co_nstant-amplitude
crack growth rate behavior. The effect can be significant Wheﬁrh‘)i;"tzc:;t;?c::i r"’]‘gg';’aec'?gr) ﬂggggd't’;g g’; tchoengi%?rglg '%adtjgﬁ‘] ;eggﬁgt;‘i‘t
test specimens are removed from material in which Cornpll_:‘témplitude growth rate data to analyze variable amplitude fatigue problems
stress relief is impractical, such as weldments, as-quencheqgh)
materials, and complex forged or extruded shapes. Residual . . . o . .
stresses superimposed on the applied stress can cause th 22 To establish material selectlon_ crlt.ena and inspection
localized crack-tip stress-intensity factor to be different tharl €guirements for ‘?'am?‘ge toleran_t appl|cat|ons._ -
that computed solely from externally applied loads. Residual 5'2'.3 To establish, in quant.|tat|ve te'rms', the mdmdual and
stresses may lead to partly compressive stress cycles, evgﬂmblned effect_s of metallur_glcal, fabrication, environmental,
when the nominal applied stress range is wholly tensile, or vicélnd loading variables on fatigue crack growth.
versa. Irregular crack growth, namely excessive crack fron6. Apparatus
curvature or out-of-plane crack growth, generally indicates that g 1 Grips and Fixtures for C(T) Specimen clevis and
residual stresses are affecting the measusdd\dversusAK — pin assembly (Fig. 3) is used at both the top and bottom of the
relationship(4). _ . specimen to allow in-plane rotation as the specimen is loaded.

5.1.5 The growth rate of small fatigue cracks can differthjs specimen and loading arrangement is to be used for
noticeably from that of long cracks at givesK values. Use of  tensjon-tension loading only.
long crack data to analyze small crack growth often results in 6 1 1 Suggested proportions and critical tolerances of the
non-conservative life estimates. The small crack effect may bgjeyis and pin are given (Fig. 3) in terms of either the specimen
accentuated by environmental factors. Cracks are defined §gqth, W, or the specimen thickness, since these dimensions

being small when 1) their length is small compared to relevanﬁ.,aly be varied independently within certain limits.
microstructural dimension (a continuum mechanics limitation), g 1.2 The pin-to-hole clearances illustrated in Fig. 3 are

2) their length is small compared to the scale of local plasticityjesigned to reduce nonlinear load vs. displacement behavior
(a linear elastic fracture mechanics limitation), and 3) they are
merely phy8|cally small (<1 mm)' Near-threshold data estab- 7 Subcommittee E08.06 has initiated a study group activity on crack closure

lished ac_cording to th_iS method should l_)e considered aSeasurement and analysis. Refere@@rovides basic information on this subject.
representing the materials’ steady-state fatigue crack growth 8 Supporting data available from ASTM Headquarters. Request RR: E-24-1009.
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__— RodThd. to the specimen (for example, see Test Method E 338) or

i Il employing a “dog bone” type specimen design. In either case,

I ] . ) i
the gage length shall be defined as the uniform section and

1l 0.50W [

nn I shall be at least 1W¥.

Uyl NI 6.2.2 For tension-tension loading of specimens Witk 75

+0.05 (0.002) mm (3 in.) a clevis with multiple bolts is recommended (for

0.25W
0.45W |A Ve -0:00(0.000) example, see Practice E 561). In this arrangement, the loads are

] ] applied more uniformly; thus, the minimum specimen gage

+ =+ - length (that is, the distance between the innermost row of bolt

0.25W holes) is relaxed to 1\4.

T 77 [ | 6.2.3 The M(T) specimen may also be gripped using a
‘]: 40W

A Loading cracking at the pinhole include attaching reinforcement plates
<]

L

L1

0.1W | =—0.1W clamping device instead of the above arrangements. This type
of gripping is necessary for tension-compression loading. An
example of a specific bolt and keyway design for clamping
M(T) specimens is given in Fig. 4. In addition, various
D=0.225v *0-000 hydraulic and mechanical-wedge systems which supply ad-
=t -0.025W i g i
equate clamping force are commercially available and may be
O/ used. The minimum gage length requirement for clamped
specimens is relaxed to 2
6.3 Alignment of Grips—It is important that attention be
Note 1—Dimensions are in millimetres (inches). given to achieving good alignment in the load train through
Nore 2—A-surfaces shall be perpendicular and parallel as applicable t¢areful machining of all gripping fixtures. Misalignment can
within +0.05 mm (0.002 in.), TIR. cause non-symmetric cracking, particularly for critical appli-
Note 3—Surface finish of holes and loading pins shall be 0.8 (32) orcations such as near-threshold testing, which in turn may lead
better. _ _ o _ to invalid data (see Sec. 8.3.4, 8.8.3). If non-symmetric
FIG. 3 Clevis and Pin Assembly for Gripping C(T) Specimens cracking occurs, the use of a strain-gaged specimen to identify
and minimize misalignment might prove useful. One method to
caused by rotation of the specimen and (). Using this  jdentify bending under tensile loading conditions is described
arrangement to test materials with relatively low yield strengthin Practice E 1012. Another method which specifically ad-
may cause plastic deformation of the specimen hole. Similarlygresses measurement of bending in pin-loaded specimen con-
when testing high strength materials or when the cleviigurations is described in Rél3). For tension-compression

opening exceeds 1.05B (or both), a stiffer load pin (that isjoading the length of the load train (including the hydraulic
>0.225N) may be required. In these cases, a flat bottom clevis

hole or bearings may be used with the appropriate loading pins bDia

(D = 0.24V) as indicated in Annex A2. The use of high — | EDia.

viscosity lubricants such as grease may introduce hysteresis in 9 ir:;]_

the load vs. displacement behavior and is not recommended. L
6.1.3 Using a 1000-MPa (150-ksi) yield-strength alloy (for

—11.05B =

[=-2.18, min-=

example, AISI 4340 steel) for the clevis and pins provides ~ <

adequate strength and resistance to galling and fatigue. Iy ' 0.08 mm (0.003 in}
6.2 Grips and Fixtures for M(T) SpecimersThe types of @@T " -4

grips and fixtures to be used with the M(T) specimens will P \ ]

depend on the specimen widWy, (defined in Fig. 2), and the @f\@ | &

loading conditions (that is, either tension-tension or tension- ¥ 3

compression loading). The minimum required specimen gage - H4 —H  Jable of Dimensions_

length varies with the type of gripping and is specified so that

&
A

mm in

. e YRR Y : : LU B A 326 1221/%2
a uniform stress distribution is developed in the specimen gage ! B o104 433
length during testing. For testing of thin sheets, constraining | ] %’ c 19 34
L2 . . S e D 76 3
plates may be necessary to minimize specimen buckling (see T E B 12
Practice E 561 for recommendations on buckling constraints). @ F 12 BIR
6.2.1 For tension-tension loading of specimens Witks 75 g8y 6 19 34
. ) ) . . . Y H 38 112
mm (3 in.) a clevis and single pin arrangement is suitable for 1% 3
gripping provided that the specimen gage length (that is, the = 2L 120 43/4
distance between loading pins) is at lea#t Fig. 2). For this .- - W 4 0
arrangement it is also helpful to either use brass shims betweetonnection~¢ oo | * 12 NF, Class 2

the pin and specimen or to lubricate the pin to prevent i
fretting-fatigue cracks from initiating at the specimen loading  FiG. 4 Example of Bolt and Keyway Assembly for Gripping
hole. Additional measures which may be taken to prevent 100-mm (4-in.) wide M(T) Specimen
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actuator) should be minimized, and rigid, non-rotating jointscompliance method to monitor cra_ck t_extension in the M(T) specimen so
should be employed to reduce lateral motion in the load trainthat accurate crack length determinations can be obtained.

7. Specimen Configuration, Size, and Preparation 7.1.3 For the specimens described in this method, the

. thickness,B, and width, W, may be varied independently
7.1 Standard SpecimersThe geometry of standard C(T) within the following limits, which are based on specimen

and M(T) specimens is given in Figs. 1 and 2, r(.—:-spgctivelly. T.h%uckling and through-thickness crack-curvature consider-
geometry of the standard ESE(T) specimen is given in F'gationS'
A4.1. The specific geometry of M(T) specimens depends on 7.1.3.1 For C(T) and ESE(T) specimens it is recommended

.the method of gripping as specified. in 6'.2' NOtCh and precrac that thickness be within the ran§#20 < B = W/4. Specimens
ing details for the specimens are given in Fig. 5. The C(T) an aving thicknesses up to and includiby2 may also be

B e o e plyed however, tata rom these specinens il ofer
. . . H%quwe through-thickness crack curvature corrections (see 9.1).
the loading experienced at the crack tip. In addition, difficulties may be encountered in meeting the
Note 5—In the near threshold regime (below £an/cycle), one can  through-thickness crack straightness requirements of 8.3.4 and
experience difficulty in meeting the crack symmetry requirements of 8.8.38.8.3.
when using the M(T) specimen; the C(T) or ESE(T) specimen may be an 7 7 3 2 Using the above rationale, the recommended upper
appropriate altemnative. limit on thickness in M(T) specimens /8, althoughW/4
7.1.1 ltis required that the machined notef, in the C(T)  may also be employed. The minimum thickness necessary to
specimen be at least \2in length so that th&-calibration is  avoid excessive lateral deflections or buckling in M(T) speci-
not influenced by small variations in the location and dimen-mens is sensitive to specimen gage length, grip alignment, and
sions of the loading-pin holes. load ratio,R. It is recommended that strain gage information be
7.1.2 The machined notchag in the M(T) specimen shall obtained for the particular specimen geometry and loading
be centered with respect to the specimen centerline to withigondition of interest and that bending strains not exceed 5 % of
+0.00W. The length of the machined notch in the M(T) the nominal strain.
specimen will be determined by practical machining consider- 7.1.3.3 For specimens removed from material for which
ations and is not restricted by limitations in tKecalibration. complete stress relief is impractical (see 5.1.4), the effect of
Note 6—It is recommended thateg be at least 0% when using the ~ 'eSidual stresses on the crack propagation behavior can be
minimized through the careful selection of specimen shape and

Loading Hole Centerly . size. By selecting a small rati_o of spec!mgn d_imensidnm,
Specimen Centorimn) ﬁ?é)cégécfgzﬁlmen the effect of a through-the-thickness distribution of residual
stresses acting perpendicular to the direction of crack growth
can be reduced. This choice of specimen shape minimizes
h =W/ 16, max k t th k front irregularities which con-
e /30° crack curvature or other crack fro egularities which co
Required Envelope fuse the calculation of bothafdN and AK. Residual stresses
¥~ - hnpS77/Semday acting parallel to the direction of crack growth can produce
a moments about the cracktip which also confound test results.
0 These residual stresses can be minimized by selecting sym-
Examples Minimun Fatigue Precrack: metrical specimen configurations, that is, the M(T) specimen,
i L 1B, b, or'1.0 mm (0.04 in.), for the evaluation of the material’'s crack growth behavior.
Straight Thru whichever is greater . ) .
| g 7.2 Specimen Sizeln order for results to be valid accord-
;‘ 2 ing to this test method it is required that the specimen be
predominantly elastic at all values of applied load. The
j  Chewron minimum in-plane specimen sizes to meet this requirement are
h D — based primarily on empirical results and are specific to
t specimen configuratio(iL0).
i Sawcut/EDM 7.2.1 For the C(T) and ESE(T) specimen the following is
h == required:
Hole/Slot (W — @) = (4/m)(Knnaloyg) ® ®)
> ‘ where:
(W - a) = specimen’s uncracked ligament (Fig. 1), and
—-r }-—— £22r —= Ovs = 0.2 % offset yield strength determined at the
, same temperature as used when measuring the
n fatigue crack growth rate data.
2 7.2.2 For the M(T) specimen the following is required:
° (W — 2a) = 1.25P,./(Bayd (6)
FIG. 5 Notch Details and Minimum Fatigue Precracking where:

Requirements
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(W - 2a) = specimen’s uncracked ligament (Fig. 2), and mechanical displacement measurements change by more than
B = specimen thickness. 0.05 mm (0.002 in.), fatigue crack growth rates can be changed

. . . ) _significantly.
Note 7—The size requirements in 7.2 are appropriate for low-strain

hardening materialss(, +/oys = 1.3) (14) and for high-strain hardening 8. Procedure

materials ¢, t/oys = 1.3) under certain conditions of load ratio and
temperaturg15, 16) (whereo, 1 is the ultimate tensile strength of the 8.1 Number of Tests-At crack growth rates greater than

_8 . - . oy . . .
material). However, under other conditions of load ratio and temperaturel0 ~ m/cycle, the W'th'n'|0t Vfi“ab"“y (neighboring speci-
these same requirements appear to be overly restrictive—that is, thayiens) of @/dN at a givenAK typically can cover about a factor
require specimen sizes which are larger than nece¢s@ni8) Currently,  of two (19). At rates below 10° m/cycle, the variability in
the conditions giving rise to each of these two regimes of behavior are nafla/dN may increase to about a factor of five or more due to
clearly defined. increased sensitivity ofaldN to small variations inAK. This

7.2.2.1 An alternative size requirement may be employe@catter may be increased further by variables such as micro-
for high-strain hardening materials as follows. The uncrackegtructural differences, residual stresses, changes in crack tip
ligament requirement may be relaxed by replaaing with a ~ geometry (crack branching) or near tip stresses as influenced
higher, effective yield strength which accounts for the materiafor example by crack roughness or product wedging, load
strain hardening capacity. For purposes of this test method, thgrecision, environmental control, and data processing tech-
effectiveyield strength, termed flow strength, is defined ashiques. These variables can take on added significance in the
follows: low crack growth rate regime &dN < 10 m/cycle). In view
e = (s + T2 @ of the operational definition of the threshold stress-intensity
_ PSS UL _ ~ (see 3.3.2 and 9.4), at or near threshold it is more meaningful
However, it should be noted that the use of this alternativg express variability in terms ofK rather than e/dN. It is
size requirement allows mean plastic deflections to occur in th@ood practice to conduct replicate tests; when this is imprac-
specimen. _These mean deflections under certain conditions, gg|, multiple tests should be planned such that regions of
noted previously, can accelerate growth rates by as much asgerlapping @/dN versusAK data are obtained, particularly
factor of two. Although these data will generally add conser-;nder bothK-increasing and-decreasing conditions. Since
vatism to design or structural reliability computations, they canconfigence in inferences drawn from the data increases with
also confound the effects of primary variables such as speciymper of tests, the desired number of tests will depend on the
men thickness (iB/W is maintained constant), load ratio, and gng yse of the data.
possibly environmental effects. Thus, when the alternative size g o Specimen Measuremenrtdhe specimen dimensions
requirement is utilized, it is important to clearly distinguish gpal be within the tolerances given in Figs. 1 and 2.
between data that meet the yield strength or flow strength g 3 Fatigue Precracking-The importance of precracking is
criteria. In this way, data will be generated that can be used tg, provide a sharpened fatigue crack of adequate size and
formulate a specimen_ size requirement of general u_tility. straightness (also symmetry for the M(T) specimen) which
7.3 Notch Preparatior-The machined notch for either of ensyres thatl) the effect of the machined starter notch is
the standard specimens may be made by electrical-dischargeémoved from the specimét-calibration, and®) the effects on
machining (EDM), milling, broaching, or sawcutting. The sypsequent crack growth rate data caused by changing crack
followir!g notch preperatien precedures are suggested to facilifrgnt shape or precrack load history are eliminated.
tate fatigue precracking in various materials: 8.3.1 Conduct fatigue precracking with the specimen fully
7.3.1 Electric Discharge Machining-p < 0.25 mm (0.010  heat treated to the condition in which it is to be tested. The
in.) (p = notch root radius), high-strength steels,§{ = 1175  precracking equipment shall be such that the load distribution
MPa/170 ksi), titanium and aluminum alloys. is symmetrical with respect to the machined notch &pg,
7.3.2 Mill or Broach—p = 0.075 mm (0.003 in.), low or  during precracking is controlled to within5 %. Any conve-
medium-strength steels{s = 1175 MPa/170 ksi), aluminum njent loading frequency that enables the required load accuracy

alloys. to be achieved can be used for precracking. The machined
7.3.3 Grind—p = 0.25 mm (0.010 in.), low or medium- notch plus the precrack must lie within the envelope, shown in
strength steels. Fig. 5, that has as its apex the end of the fatigue precrack. In
7.3.4 Mill or Broach—p = 0.25 mm (0.010 in.), aluminum  addition the fatigue precrack shall not be less than®, hpor
alloys. 1.0 mm (0.040 in.), whichever is greater (Fig. 5).
7.3.5 Sawcut—Recommended only for aluminum alloys. 8.3.2 The finaK,,,, during precracking shall not exceed the

7.3.6 Examples of various machined-notch geometries aniitial K., for which test data are to be obtained. If necessary,
associated precracking requirements are given in Fig. 5 (sdeads corresponding to highé,,.. values may be used to
8.3). initiate cracking at the machined notch. In this event, the load

7.3.7 When residual stresses are suspected of being preseahge shall be stepped-down to meet the above requirement.
(see 5.1.4), local displacement measurements made before afdrthermore, it is suggested that reductiorPjp,, for any of
after machining the crack starter slot are useful for detectinghese steps be no greater than 20 % and that measurable crack
the potential magnitude of the effect. A simple mechanicalextension occur before proceeding to the next step. To avert
displacement gage can be used to measure distance betwaeamnsient effects in the test data, apply the load range in each
two hardness indentations at the mouth of the nogh  step over a crack length increment of at leastr{3(K' .,/
Limited data show that for aluminum alloys when thesecsys)?, whereK' ., is the terminal value oK., from the
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previous loadstep. P,,/Pmnax during precracking differs from 8.5.1 If load range is to be incrementally varied it should be
that used during testing, see the precautions described in 8.5done such thaP,,,, is increased rather than decreased to
8.3.3 For theK-decreasing test procedure, prior loading preclude retardation of growth rates caused by overload effects;
history may influence near-threshold growth rates despite theetardation being a more pronounced effect than accelerated
precautions of 8.3.2. It is good practice to initiate fatiguecrack growth associated with incremental increasePq,
cracks at the lowest stress intensity possible. Precrackingransient growth rates are also known to result from changes in
growth rates less than Tm/cycle are suggested. A compres- Pmin Or R. Sufficient crack extension should be allowed
sive load, less than or equal to the precracking load, mai,O”OWing changes in load to enable the growth rate to establish
facilitate fatigue precracking and may diminish the influence ofa steady-state value. The amount of crack growth that is

the K-decreasing test procedure on subsequent fatigue cra¢Rquired depends on the magnitude of load change and on the
growth rate behavior. material. An incremental increase of 10 % or less will mini-

8.3.4 Measure the crack lengths on the front and backnize these transient growth rates. _
surfaces of the specimen to within 0.10 mm (0.004 in.) or 8:5.2 When environmental effects are present, changes in
0.002W, whichever is greater. For specimens where W > 1270ad level, test freqqency, or Waveform can result in transient
mm (5 in.), measure crack length to within 0.25 mm (0.01 in_)_growth rates. Sufﬁc_lent crack extension should be allowed
If crack lengths measured on front and back surfaces differ bpetween changes in these loading variables to enable the
more than 0.2B, the pre-cracking operation is not suitable and9rowth rate to achieve a steady-state value.
subsequent testing would be invalid under this test method. In 8-5-3 Transient growth rates can also occur, in the absence
addition for the M(T) specimen, measurements referenceaf loading variable charjges, due to long-duration test interrup-
from the specimen centerline to the two cracks (for each crackOns, for example, during work stoppages. In this case, data
use the average of measurements on front and back surfacé&$)ould be discarded if the growth rates following an interrup-
shall not differ by more than 0.08% If the fatigue crack O are less than those before the interruption.
departs more than the allowable limit from the plane of 8-6 K-Decreasing Procedure for da/dN < IO m/cycle—
symmetry (see 8.8.3) the specimen is not suitable for subsd-his procedure is started by cycling atAX and K, level
quent testing. If the above requirements cannot be satisfie§dual to or greater than the terminal precracking values.

check for potential problems in alignment of the loadingSubsequently, loads are decreased (shed) as the crack grows,
system and details of the machined notch. and test data are recorded until the lowsE&tor crack growth
rate of interest is achieved. The test may then be continued at
be such that the load distribution is symmetrical to theconstant. load '”T‘!ts to_obtain comparison data_ under
specimen notch K-increasing conditions. Th&-decreasing procegure is not
e . AUl recommended at fatigue crack growth rates above fficycle
8.4.1 Verify the load cell in the test machine in accordance ince prior loading history at such associated levels may

with Practices E 4 and Practice E 467. Conduct testing suc y : .
that bothAP andP,,,, are controlled to withint2 % through- fgeghlcighaedn;? é égirﬁ;hg&?igl?ﬁg g;iilésgﬁ]vgtTer;ti‘gihg\gor.
out the test. +d ileat ] . conducted as decreasing load steps at selected crack length
8.4.2 An accurate digital device is required for countinginteryals, as shown in Fig. 6. Alternatively, the load may be
elapsed cycles. Atimer is a desirable supplement to the count@hed in a continuous manner by an automated technique (for
and provides a check on the counter. Multiplication factors (forexample, by use of an analog computer or digital computer, or
exampleX10 orx100) should not be used on counting both) (21).
devices when obtaining data at growth rates abov_e5 10 g.6.2 The rate of load shedding with increasing crack length
m/cycle since they can introduce significant errors in theghg)| pe gradual enough to 1) preclude anomalous data result-
growth rate determination. ing from reductions in the stress-intensity factor and concomi-
8.5 Constant-Load-Amplitude Test Procedure for da/dN >tant transient growth rates, and 2) allow the establishment of
1078 m/cycle—This test procedure is well suited for fatigue apout five @dN, AK data points of approximately equal
crack growth rates above T0Om/cycle. However, it becomes spacing per decade of crack growth rate. The above require-
increasingly difficult to use as growth rates decrease belownents can be met by limiting the normalizé¢igradient,

10" m/cycle because of precracking considerations (see 8.3.3%; = 1/K-dK/da, to a value algebraically equal to or greater
(A K-decreasing test procedure which is better suited for rateghan —0.08 mi(-2 in.™%). That is:

below 10® micycle is provided in 8.6.) When using the 1\ /dK

constant-load-amplitude procedure it is preferred that each C= (R)'(ﬁ) >— 0.08mm?*(-2in.7} (8)
specimen be tested at a constant load rang® énd a fixed set , ,

of loading variables (stress ratio and frequency). However, this When loads are incrementally shed, the requirement§ on
may not be feasible when it is necessary to generate a widePrrespond to the nomin#-gradient depicted in Fig. 6.

range of information with a limited number of specimens. Nore 8—Acceptable values of may depend on load ratio, test
When loading variables are changed during a test, potentiahaterial, and environment. Values 6f algebraically greater than that
problems arise from several types of transient phenomendndicated above have been demonstrated as acceptable for use in decreas-
(20). The following test procedures should be followed to in_gKtests o_f several steel alloys _and aluminum alloys tested in laboratory
minimize or eliminate transient effects while using this & ©Ver & wide range of load rati¢s4, 21)

K-increasing test procedure. 8.6.3 If the normalizeK-gradientC is algebraically less

8.4 Test EquipmentThe equipment for fatigue testing shall
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AK NOMINAL

AK ACTUAL

SLOPE = NOMINAL

dAK
AT POINT A a

N AP ACTUAL

\ AP NOMINAL

LOAD RANGE (AP), OR STRESS INTENSITY FACTOR RANGE (AK)

CRACK LENGTH (a)
FIG. 6 Typical K Decreasing Test by Stepped Load Shedding

than that prescribed in 8.6.2, the procedure shall consist akquirement of 8.6.6 is waived. Continuous load shedding is
decreasinK to the lowest growth rate of interest followed by defined asR,,ax1 = Pmaxd/Pmaxa = 0.02.

aK-increasing test at a constahP (conducted in accordance 8.7 Alternative K-control test proceduresideally, it is
with 8.5). Upon demonstrating that data obtained usingjesirable to generateattiN, AK data atk-gradients indepen-
K-increasing and-decreasing procedures are equivalent for agent of the specimen geomet(92). Exercising control over
given set of test conditions, the-increasing testing may be this K-gradient allows much steeper gradients for small values
eliminated from all replicate testing under these same tesif a/W without the undesirable feature of having too steep a
conditions. K-gradient at the larger values afW associated with constant

Note 9—It is good practice to haveK-decreasing followed by amplltqde 'Oad'”g- Generating data at an appropriate
K-increasing data for the first test of any single material regardless of thi-gradient, using a constant and positive value of the
C value used. K-gradient parameteg, (see 8.6.2) provides numerous advan-

8.6.4 It is recommended that the load ratiy, andC be  t2ges: the test time is reduced; the/dN-AK data can be
maintained constant duririg-decreasing testing (see 8.7.1 for €venly distributed without using variablsa increments; a
exceptions to this recommendation). ywder range of data may bg ggnerated without mcrementgl load

8.6.5 The relationships betwedf and crack length and INCreases; theK-gradient is independent of the specimen
between load and crack length for a const@riest are given 9Jeometry.
as follows: 8.7.1 Situations may arise where changiki§ under con-

8.6.5.1 AK = AK_exp[C (a- a,)], where AK, is the initial ~ ditions of constantK,, or constantK,, may be more
AK at the start of the test, araj is the corresponding crack representative than under conditions of constanthe appli-
length. Because of the identity given in 3.2 (Note 1), the abové&ation of the test data should be considered in choosing an
relationship is also true faK,,,, and K. appropriate mode oK-control. For example, a more conser-

8.6.5.2 The load histories for the standard specimens of thi¢ative estimate of near-threshold behavior may be obtained by
test method are obtained by substituting the appropriatésing this test method. This process effectively measures
K-calibrations given in 9.3 into the above expression. near-threshold data at a high stress ratio.

8.6.6 When employing step shedding of load, as in Fig. 6, 8.8 Measurement of Crack LengthiMake fatigue crack
the reduction inP,,, of adjacent load steps shall not exceedlength measurements as a function of elapsed cycles by means
10 % of the previou®,,,,. Upon adjustment of maximum load of a visual, or equivalent, technique capable of resolving crack
from P, 4«1 10 @ lower valueP,,,.,.» @ minimum crack extension extensions of 0.10 mm (0.004 in.), or 0.82whichever is
of 0.50 mm (0.02 in.) is recommended. greater. For visual measurements, polishing the test area of the

8.6.7 When employing continuous shedding of load, thespecimen and using indirect lighting aid in the resolution of the
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crack-tip. It is recommended that, prior to testing, referencaest material, testing apparatus, and growth rate regime has
marks be applied to the test specimen at predetermineshown that the crack symmetry requirements are met consis-
locations along the direction of cracking. Crack length can therently.

be measured using a low power (20 to >80 traveling 8.8.3 If at any point in the test the crack deviates more than
microscope. Using the reference marks eliminates potentiat20° from the plane of symmetry over a distance oV@.ar
errors due to accidental movement of the traveling microscopeyreater, the data are invalid according to this test method. A
If precision photographic grids or polyester scales are attachedeviation between:-10 and+20° must be reported. (See Fig.

to the specimen, crack length can be determined directly witfY) In addition, data are invalid if (1) crack lengths measured on
any magnifying device that gives the required resolution. It isfront and back surfaces differ by more than @B26r (2) for the
preferred that measurements be made without interrupting the(T) specimen, measurements referenced from the specimen

test. centerline to the two cracks (for each crack, use the average of
Note 10—Interruption of cyclic loading for the purpose of crack length mggg/vurements on front and back surfaces) differ by more than
measurement can be permitted providing strict care is taken to avoiQ' :

intrqducing any sjgnificant extrane_ous damage (for example, creep def(_)r- Note 12—The requirements on out-of-plane cracking are commonly
mation) or transient crack extension (for example, growth under statiGisjated for large-grained or single-crystal materials. In these instances,

load). The interruption time should be minimized (less than 10 min.) angggyits from anisotropic, mixed-mode stress analyses may be needed to
if a static load is maintained for the purpose of enhanced crack tinompute K; (for example, see RéR3)).

resolution, it should be carefully controlled. A static load equal to the Nore 13—Crack tip branching has been noted to occur. This charac-
fatigue mean load is probably acceptable (with high temperatures angyistic is not incorporated into the computationAK. As a result, crack
corrosive environments, even mean levels should be questioned) but in Manching, or bifurcating, may be a source of variability in measured

case should the static load exceed the maximum load applied during tgtigue crack growth rate data. Data recorded during branching must be
fatigue test. noted as being for a branching crack.

8.8.1 Make crack length measurements at intervals such thatg 8 3.1 If nonvisual methods for crack length measurement
da/dN data are nearly evenly distributed with respectd®.  are used and nonsymmetric or angled cracking occurs, the
The following measurement intervals are recommended agyonvisual measurements derived during these periods shall be
cording to specimen type: verified with visual techniques to ensure the requirements of

8.8.1.1 C(T)Specimen: 8.8.3 are satisfied.

Aa = 0.04Nfor 0.25= a/W = 0.40
Aa = 0.02Wfor 0.40= a/W = 0.60

Aa = 0.01Wfor a/W = 0.60

9. Calculation and Interpretation of Results

9.1 Crack Curvature Correction-After completion of test-
ing, examine the fracture surfaces, preferably at two locations

8.8.1.2 M(T)Specimen: (for example, at the precrack and terminal fatigue crack
Aa = 0.03Vfor 2a/W < 0.60 lengths), to determine the extent of through-thickness crack
Aa = 0.02Wfor 2a/W > 0.60 curvature (commonly termedrack tunneling. If a crack

contour is visible, calculate a three-point, through-thickness

8.8.1.3 ESE(T) Specimen average crack length in accordance with Test Method E 399,

Aa = 0.04wfor &/W = 0.40 sections on General Procedure related to Specimen Measure-
Aa = 0.02Wfor 0.40< a/W = 0.60 ment; specifically the paragraph on crack length measurement.
Aa = 0.0 for a/W > 0.60 The difference between the average through-thickness crack

length and the corresponding crack length recorded during the

8.8.1.4 A minimumAa of 0.25 mm (0.01 in.) is reCOM- oq¢'(for example, if visual measurements were obtained this

mended. However, situations may arise whereAbhaeeds to

be reduced below 0.25 mm (0.01 in.) in order to obtain at least
five da/dN, AK data points in the near-threshold regime (see
9.4). In any case, the minimura shall be ten times the crack
length measurement precision.

| Machined
Notch

Note 11—The crack length measurement precision is herein defined as
the standard deviation on the mean value of crack length determined for
a set of replicate measurements.

o
— A

8.8.2 As arule, crack length measurements should be made (o
on both sides (front and back) of a specimen to ensure that the
crack symmetry requirements of 8.8.3 are met. The average
value of the measurements (two crack lengths for the C(T)
specimen and four crack lengths for the M(T) specimen)
should be used in all calculations of growth rate and K. If crack valid if & < 10°
length measurements are not made on both sides at every crack oo °

length interval, the interval of both-side measurement must be Report if 10° < @& < 20
reported. Measurement on only one side is permissible only if Invalid if @ > 20° for L > 0.1W

previous experience with a particular specimen configuration, FIG. 7 Out-of-Plane Cracking Limits

a

Specimen Reference Plane

10
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might be the average of the surface crack length measure-Note 15—Implicit in the above expressions are the assumptions that
ments) is the crack curvature correction. the test material is linear-elastic, isotropic, and homogeneous.
9.1.1 If the crack curvature correction results in a greater Note 16—The above operational definitions do not include potential

than 5 % difference in calculated stress-intensity factor at aneffects of residual stress or crack closure on the compit€dvalue.
0 Yy Xutographic load versus crack mouth opening displacement traces are

crack length, then employ this correction when analyzing thgsefu for detecting and correcting residual stress/crack closure influences
recorded test data. ().

9.1.2 If the magnitude of the crack curvature correction g 33 Forthe ESE(T) specimen calculaté consistent with
either increases or decreases with crack length, use a linega gefinitions in Annex A4.

interpolation to correct intermediate data points. Determine g 3 4 check for compliance with the specimen size require-

this linear correction from two distinct crack contours sepa-ents of 7.2.

rated by @ minimum spacing of 0.@86or B, whichever is 9.4 Determination of a Fatigue Crack Growth Thresheld
greater. When there is no systematic variation of crack curvarhe following procedure provides an operational definition of
ture with crack length, employ a uniform correction deter-y,o threshold stress-intensity factor range for fatigue crack

mined from an average of the crack contour measurements. gro\yth AK,,, which is consistent with the general definition of
9.1.3 When employing a crack length monitoring techniques 3 .

other than visual, a crack curvature correction is generally g 4 1 Determine the best-fit straight line from a linear
ir]corporated in_ the calibration of the _technique. However-regression of log &dN versus logAK using a minimum of five
since the magnitude of the correction will probably depend onya/qN AK data points of approximately equal spacing between
specimen thickness, the preceding correction procedures M&¥owth rates of 10° and 10° m/cycle. Having specified the

also be necessary. range of fit in terms of &dN requires that logAK be the
9.2 Determination of Crack Growth RateThe rate of gependent variable in establishing this straight line fit.

fatigue crack growth is to be determined from the crack length

versus elapsed cycles data \ersusN). Recommended ap- Note 17—Limitations of the linear regression approach of 9.4.1 are
proaches which utilize the secant or incremental ponnomiafescribed in Re(28). Alternative nonlinear approaches and their advan-

. . . . - . ages are also given in RE28).

methods are given in Appendix X1. Either method is suitable

for the K-increasing, constaniP test. For theK-decreasing ~ 9-4.2 Calculate thaK-value that corresponds to a growth

tests where load is shed in decremental steps, as in Fig. 7, thate of 10" m/cycle using the above fitted line; this value of
secant method is recommended. Where sheddind< g  AK s defined as\K,, according to the operational definition of

performed continuously with each cycle by automation, thehis test method.

incremental polynomial technique is applicable. A crack Nore 18—in the event that loweraddN data are generated, the above
growth rate determination shall not be made over any increprocedure can be used with the lowest decade of data. This alternative
ment of crack extension which includes a load step. range of fit must then be specified according to 10.1.12.

Note 14—Both recommended methods for processingrsusN data ~ 10. Report

are known to give the same averaggdiN response. However, the secant 10.1 The report shall include the following information:

method often results in increased scatter i@d relative to the - . ! . .
incremental polynomial method, since the latter numerically“ smooths” 10.1.1 Specimen type, including thickneBsand width W.

the data(19, 24) This apparent difference in variability introduced by the Figures of the specific M(T) specimen design and grips used,
two methods needs to be considered, especially in utilizaigNiversus ~ and a figure if a specimen type not described in this test method
AK data in design. is used shall be provided.

9.3 Determination of Stress-Intensity Factor Rangd(— 10.1.2 Description of the test machir)e. and gquipment used
Use the crack length values of 9.1 and Appendix X1 tol0 measure crack length and the precision with which crack

calculate the stress-intensity range corresponding to a giveéfNdth measurements were made.
crack growth rate from the following expressions: 10.1.3 Test material characterization in terms of heat treat-

9.3.1 For the C(T) specimen calculaii as follows: ment, chemical composition, and rr_lechanical propertieg (in-
(T) sp clude at least the 0.2% offset yield strength and either

AK _ AP L"‘S)/Z (0.886+ 4.64x ()  €longation or reduction in area measured in accordance with
BVW (1-a) Test Methods E 8). Product size and form (for example, sheet,
—13.3%2 + 14.72¢ — 5.60%) plate, and forging) shall also be identified. Method of stress

relief, if applicable, shall be reported. For thermal methods,

wherea = a/W, expression valid foa/W = 0.2 (25, 26) details of time, temperature and atmosphere. For non-thermal

9.3.2 For the M(T) specimen calculad consistent with methods, details of loads and frequencies.

the definitions of 3.2; that is: 10.1.4 The crack plane orientation according to the code
AP = Pa = P for R>0 (10)  given in Test Method E 399. In addition, if the specimen is
AP =P forR=0 removed from a large product form, its location with respect to

in the following expressiori27) the parent product shall be given.
10.1.5 The terminal values dfK, R and crack length from

AK = AFP /%secﬂ—; a1 fatigue precracking. If precrack loads were stepped-down, the
procedure employed shall be stated and the amount of crack
wherea = 2a/W, expression valid for & W < 0.95. extension at the final load level shall be given.

11
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10.1.6 Test loading variables, includind?, R, cyclic fre-  crack length measurement error makes a more significant
quency, and cyclic waveform. contribution to the variation inaldN, although this contribu-
10.1.7 Environmental variables, including temperaturetion is difficult to isolate since it is coupled to the analysis
chemical composition, pH (for liquids), and pressure (for gaseprocedure for converting versusN to da/dN, and to the
and vacuum). For tests in air, the relative humidity as deterinherent material variability. Nevertheless, it is clear that the
mined by Test Method E 337 shall be reported. For tests ioverall variation in @dN is dependent on the ratio of crack
inert reference environments, such as dry argon, estimates &#ngth measurement interval to measurement gi2d; 29)
residual levels of water and oxygen in the test environmenEFurthermore, an optimum crack length measurement interval
(generally this differs from the analysis of residual impuritiesexists due to the fact that the interval should be large compared
in the gas supply cylinder) shall be given. Nominal values forto the measurement error (or precision), but small compared to
all of the above environmental variables, as well as maximunthe K-gradient of the test specimen. These considerations form
deviations throughout the duration of testing, shall be reportedhe basis for the recommended measurement intervals of 8.8.2.
Also, the material employed in the chamber used to contain thRecommendations are specified relative to crack length mea-
environment and steps taken to eliminate chemicalsurement precision: a quantity that must be empirically estab-
electrochemical reactions between the specimen-environmelished for the specific measurement technique being employed.
system and the chamber shall be described. 11.1.1 Although it is often impossible to separate the
10.1.8 Analysis methods applied to the data, including thecontributions from each of the above-mentioned sources of
technique used to conved versusN to da/dN, specific variability, an overall measure of variability inraiN versus
procedure used to correct for crack curvature, and magnitud&K is available from results of an interlaboratory test program
of crack curvature correction. in which 14 laboratories participated 9).° These data, ob-
10.1.9 The specimerK-calibration and size criterion to tained on a highly homogeneous 10 Ni steel, showed the
ensure predominantly elastic behavior (for specimens nateproducibility in d/dN within a laboratory to average27 %
described in this test method). and range from+13 to =50 %, depending on laboratory; the
10.1.10 @/dN as a function ofAK shall be plotted. (It is repeatability between laboratories wa82 %. Values cited are
recommended thatK be plotted on the abscissa araldN on  standard errors based dr® residual standard deviations about
the ordinate. Log-log coordinates are commonly used. Fothe mean response determined from regression analysis. In
optimum data comparisons, the size of tA&-log cycles computing these statistics, abnormal results from two labora-
should be two or three times larger thaadN-log cycles.) All  tories were not considered due to improper precracking and
data that violate the size requirements of 7.2 shall be identifiedsuspected errors in load calibration. Such problems would be
state whethes 5 or ogwas used to determine specimen size.avoided by complying with the current requirements of this test
10.1.11 Description of any occurrences that appear to bmethod as they have been upgraded since the interlaboratory
related to anomalous data (for example, transience followingest program was conducted. Because a highly homogeneous
test interruptions or changes in loading variables). material was employed in this program, the cited variabilities
10.1.12 FoKK-decreasing tests, rep@tand initial values of  in da/dN are believed to have arisen primarily from random
K anda. Indicate whether or not thK-decreasing data were crack length measurement errors.
verified byK-increasing data. For near-threshold growth rates, 11.1.2 For the near-threshold regime, a measure of the
report AKy,, the equation of the fitted line (see 9.4) used tovariability in AKy, is available from the results of an interlabo-
establishAK,,, and any procedures used to establisk,, ratory test program in which 15 laboratories participg&@).®
which differ from the operational definition of 9.4. Also report These data, obtained on a homogeneous 2219 T851 aluminum
the lowest growth rate used to establifK,, using the alloy, show a reproducibility iMKy, within a laboratory to
operational definition of 9.4. It is recommended that theseaverage: 3 % with the repeatability between laboratories of
values be reported asKy, (X) wherex is the aforementioned =9 %. This observation is based on the 11 laboratories that
lowest growth rate in m/cycle. provided valid near-threshold data. Because of the sensitivity
10.1.13 The following information shall be tabulated for of da/dN to small changes iAK, growth rates in this near
each testia, N, AK, da/dN, and, where applicable, the test threshold regime often vary by an order of magnitude, or more,
variables of 10.1.3, 10.1.6, and 10.1.7. Also, all data deterat a givenAK (30).°
mined from tests on specimens that violate the size require- 11.1.3 It is important to recognize that for purposes of
ments of 7.2 shall be identified; state whetheg or crgwas  design or reliability assessment, inherent material variability
used to determine specimen size. often becomes the primary source of variability e/dN. The
variability associated with a given lot of material is caused by
inhomogeneities in chemical composition, microstructure, or
11.1 Precision—The precision of é/dN versusAK is a  poth. These same factors coupled with varying processing
function of inherent material variability, as well as errors in conditions give rise to further lot-to-lot variabilities. An assess-
measuring crack length and applied load. The required loadinghent of inherent material variability, either within or between
precision of 8.4.1 can be readily obtained with modernheats or lots, can only be determined by conducting a statisti-
closed-loop electrohydraulic test equipment and results in gally planned test program on the material of interest. Thus,
+2 % variation in the appliedK; this translates to &4 % to
+10 % variation in @dN, at a givenAK, for growth rates —
above the near-threshold regime. However, in general, the °Supporting data available from ASTM Headquarters. Request RR: E-24-1001.
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